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(54) (Title of the invention) Inclining table device 



(57) (Abstract) 

(Purpose) To provide an inclining table device which is sim- 
ple in construction, small in size, large in inclined stroke, and 
whose position can be controlled with high accuracy and high 
resolution. 

(Constitution) A two-dimensional drive oscillator 2 can slide 
vertically and is always energized when up. A permanent 
magnet 30 is attached to the upper surface of a cylindrical 
member 28. A support member 31 is then attached to the top 
surface of the permanent magnet 30, and an inclining body 32 
is disposed at the support member 3 1 . 



[see source for figure] 
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(Scope of patent claims) 

(Claim 1) An inclining table device characterized in that it 
comprises an inclining body having a spherical surface, a sup- 
port member supporting the spherical surface of the inclining 
body for free sliding around the center of curvature of the 
spherical surface of the mclining body, an adhesion means for 
causing the inclining body to adhere to the support member, a 
two-dimensional drive oscillator for sliding the inclining body 
with the top of the support member, and a pressing means to 
press the two-dimensional drive oscillator against the inclining 
body. 

(Detailed Description of the invention) 
(0001) 

(Field of industrial application) The present invention 
relates to an inclining table device for causing a sample 
(workpiece) to be inclined in a processing device or a meas- 
urement instrument. 
(0002) 

(Prior art) Conventionally, the positioning device disclosed 
in Japanese Unexamined Patent Application Publication H2- 
59240, for example, has been used as a device installed in a 
processing device for positioning in an inclination direction. A 
circular table rotatable at high speed is disposed through an 
indexing table capable of indexing at an arbitrary angle on a 
tilting table that can be set to an arbitrary angle of incline, and 
a position is made using a workpiece incline toward the cutting 
tool, an index, and rotation singly or in combination. 
(0003) The tilting table using a spherical surface and a spring 
disclosed in Japanese Unexamined Utility Model Application 
S58-1 56294, for example, is used as a tilting table for micro- 
scopes and optical measuring devices. It is provided with a 
base having a concave spherical surface with a hole at its cen- 
ter, a stage having a convex spherical surface identical to the 
above-mentioned base, and a shaft attached to the center of the 
stage spherical surface, and the stage can be tilted in any direc- 
tion along the stage surface shape without the center of the 
sphere being misaligned by sliding the shaft. 
(0004) 

(Problem to be solved by the invention) Nevertheless, the 
above-mentioned prior art have problems such as described 
below. That is, in the invention described in Japanese Unex- 
amined Patent Application Publication H2-59240, the mecha- 
nism is complex, and a mechanism such as a pinion gear is 
used for transmission of the driving force for the tilting table 
or indexing table, so high precision and high resolution posi- 
tioning is not possible. 

(0005) In the device described in Japanese Unexamined Utility 
Model Application Publication S58-156294, it is difficult to 
have both a favorable stroke and resolution as they are re- 
stricted by the length of the shaft and the sliding range. 

(0006) Accordingly, the present invention was developed tak- 
ing the above-mentioned problems in the conventional tech- 
nologies into consideration. It is an object of the present inven- 
tion to provide an inclining table device with which a large 
incline stroke is obtained with a simple construction, an incline 
is possible in any direction such that the spherical center of 
movement of the table portion is always at the same point, and 
further, high-precision, higfi-resolution positioning control is 
possible. 

(0007) 

(Means for solving the problem) The present invention 
comprises an inclining body having a spherical surface, a sup- 
port member supporting the spherical surface of the inclining 
body for free sliding around the center of curvature of the 



spherical surface of the inclining body, an adhesion means for 
causing the inclining body to adhere to the support member, a 
two-dimensional drive oscillator for sliding the inclining body 
with the top of the support member, and a pressing means to 
press the two-dimensional drive oscillator against the inclining 
body. 
(0008) 

(Operation) In the present invention, an inclining body hav- 
ing a spherical surface is supported by a support member for 
supporting the spherical surface of the inclining body such as 
to slide freely around the center of curvature of the spherical 
surface of the inclining body and is held by an adhering 
means. One end of a two-dimensional drive oscillator is 
pressed by a pressing means so as to contact the inclining 
body. The end of the two-dimensional drive oscillator in con- 
tact with the inclining body oscillates elliptically in two direc- 
tions. Because the inclining body is supported. so as to slide 
freely around the center of curvature of the spherical surface, it 
inclines in two directions around the center of curvature of the 
spherical surface of the inclining body due to the elliptical 
oscillation of the two-dimensional drive oscillator. Accord- 
ingly, the inclining body can be inclined in any direction such 
that the spherical center is always at the same point by com- 
bining inclinations in two directions. Also, high-precision, 
high-resolution positioning control is made possible by de- 
creasing the amplitude of the elliptical oscillation of the two- 
dimensional drive oscillator. 
(0009) 

(Examples of embodiment) Figures 1 through 1 1 show the 
present examples of embodiment Figure 1 is a cross-section 
view; Figure 2 through Figure 7 show a two-dimensional drive 
oscillator; Figure 2 is a perspective view; Figure 3 is a flat 
view, Figure 4 through Figure 7 are side views showing opera- 
tions; Figure 8 through Figure 1 1 show modified examples; 
Figure 8 through Figure 10 are cross-section views of an es- 
sential part; and Figure 1 1 is a plan view of Figure 10. 

(0010) The constitution of the present example of embodiment 
is described with Figure 1. The lower end portion of a two- 
dimensional oscillator 2 is made a fastened end by attaching to 
the center portion of a base 22 by attaching a bolt 23 from the 
bottom surface, and the upper end portion is a free end, to 
which a protrusion 12 is attached. Pins 24, one end of which 
has been thread-cut from above are inserted at the four corners 
of the base 22 from above, attaching it to base 25 by nuts 26. 

' The pins 24 are adequately long such that the two-dimensional 
drive oscillator 2 comes into contact with an inclining body 
32. An elastic member 27 is inserted between the base 22 and 
the base 25; the base 22 slides vertically along the pins 24, and 
is pushed by the elastic member 27. In the present example of 
embodiment, a coil spring was used as the elastic member 27. 

(0011) Cylindrical members 28 are disposed centered on the 
two-dimensional drive oscillator 2 on the base 25, fastened to 
the bottom portion of base 25 by bolts 29. A permanent mag- 
net 30 having a cylindrical ring form is attached to the top 
surface of the cylindrical member 28, and a support member 
3 1 whose top surface has a concave spherical shape is attached 
to the top surface of the permanent magnet 30. The support 
member 3 1 is made from a magnetic body, and on its top sur- 
face is disposed an inclining body 32 whose bottom surface is 
the same convex spherical surface shape as the concave 
spherical surface shape of the top surface portion of the sup- 
port member 31. The inclining body 32 has a semi-spherical 
shape made from a magnetic body, and its upper surface 32a is 
provided with a holding means 33, which can hold a sample. 
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(0012) Next, the constitution of the two-dimensional drive 
oscillator 2 in the constitution of the present example of em- 
bodiment is described using Figure 2 and Figure 3. The two- 
dimensional drive oscillator 2 is constituted by a Z-axis shaft 
portion 1 1 constituted by the layering of a plurality of piezo- 
electric elements, a holding member 13 attached on the Z-axis 
drive portion 11 and on whose upper surface the semi- 
spherical protrusion 12 is formed, a quadrangular prism- 
shaped resonating member 14 attached to the bottom portion 
of the Z-axis drive portion 11, X-direction piezoelectric ele- 
ments 15a attached to mutually opposing sides of the resonat- 
ing member 14, and Y-direction piezoelectric elements 15b 
attached to the opposing sides other than those of the X- 
direction piezoelectric elements 15a. The X-direction piezo- 
electric elements 15a, the Y-direction piezoelectric elements 
15b, and the Z-axis drive portion 1 1 are connected to and sup- 
plied power by a high-frequency power source 1 6 which can 
independently apply a high frequency voltage thereto. High- 
frequency power source 16 is connected to and supplied power 
by a control member 17. 

(0013) The operation of the two-dimensional drive oscillator 2 
is described below using Figure 2 to Figure 7. When a high 
frequency voltage is applied to the piezoelectric elements 15a 
attached to the opposing sides of the resonance member 14 
such as to cause resonance in a resonance mode, the two- 
dimensional drive oscillator 2 is excited such as to tilt in the X 
direction as shown in Figure 4 and Figure 5. When a voltage 
with the same frequency as the resonance mode frequency is 
applied to the piezoelectric elements of the Z-axis drive mem- 
ber 1 1, they expand and contract in the Z direction as shown in 
Figure 6 and Figure 7. 

(0014) Accordingly, by combining the resonance in the Z di- 
rection and the resonance in the X direction, the free end of the 
two-dimensional drive oscillator 2 oscillates elliptically within 
the X-Z plane as the combined force. Similarly, when the high 
frequency voltage of the resonance mode frequency is applied 
to the piezoelectric elements 15b attached to the other oppos- 
ing sides of the resonance member 14, the piezoelectric ele- 
ments 15b are excited such as that tilting occurs in the Y direc- 
tion (illustration omitted). Accordingly, by combining the 
resonance of in the Y direction and the resonance in the Z 
direction, the free end of the two-dimensional drive oscillator 
2 oscillates elliptically within the Y-Z plane. 

(0015) Next, the operation of the present example of embodi- 
ment is described using Figure 1. q>\ indicates rotation in the 
Y-axis direction. TTie inclining body 32 in point contact with 
the free end of the two-dimensional drive oscillator 2 through 
the protrusion 12 obtains a drive force opposing the frictional 
force of the support member 31 and the holding force due to 
the permanent magnet 30 due to elliptical oscillation excite- 
ment within me X-Z plane of the free end of the two- 
dimensional drive oscillator 2 and inclines in the g>\ direction 
along the spherical surface shape of the bottom surface of the 
inclining body 32. 

(0016) q>2 indicates rotation in the X-axis direction. Inclination 
in the q>2 direction occurs similarly due to excitation of ellipti- 
cal oscillation within the Y-Z plane. At that time, the inclining 
body 32 is held at an incline position by the permanent magnet 
30. The two-dimensional drive oscillator 2 is pressed against 
the inclining body 32 by the elastic member 27 through the 
base 22, and elliptical oscillation of the two-dimensional drive 
oscillator 2 is reliably transmitted to the inclining body 32 
because the protrusion 12 and the inclining body 32 are in 
contact. 



(0017) According to the present example of embodiment, as 
long as the two-dimensional drive oscillator 2 continues to be 
driven, the inclining body continues to slide on the supporting 
body, so an incline is possible in any direction such that the 
spherical center of movement of the table portion is always at 
the same point. Further, because the two-dimensional drive 
oscillator 2 is used for the drive source of the inclining body 
32, high precision, high resolution positioning control is made 
possible. 

(0018) The cylindrical member 31 in the present example of 
embodiment may have a top surface portion that is an inclined 
surface inclined inward or whose cross-section is a ring shape 
that is semi-cylindrical as shown in Figure 8 and Figure 9. In 
this case, the contact portion of the inclining body 32 and the 
holding member 31 is linear, and the inclining body 32 can 
slide with a smaller force than with a concave spherical sur- 
face shape. Further, if a support member 3 1 is used having a 
form where many balls are disposed in a circle, the contact 
portion of the inclining body 32 and the support member 3 1 is 
a point as shown in Figure 10 and Figure 1 1, and the inclining 
body can slide with a yet smaller drive force. The decrease in 
drive force is connected to the miniaturization of the drive 
source and also contributes to the miniaturization of the inclin- 
ing table device overall. 

(0019) 

(Example of embodiment 2) Figure 12 and Figure 13 indicate 
the present example of embodiment. Figure 12 is a cross- 
section view, and Figure 13 is a perspective view of an essen- 
tial portion. The present example of embodiment is provided 
with a position adjustment mechanism providing a pushing 
force due to the position of the inclining body 32. The consti- 
tution is otherwise the same as in Example of Embodiment 1 
described above, and references have been provided with the 
same number for the same constituent parts, so their descrip- 
tion has been omitted. 

(0020) Hie bottom end portion of the two-dimensional drive 
oscillator 2 is a fastened end, fastened to the center of a base 
41 by attachment of a bolt 42 from the bottom surface, and the 
upper end portion is a free end with a protrusion 12 attached. 
At the upper surface portion of the base 41, linear guides 43 
are disposed facing the radial direction around the center of the 
two-dimensional drive oscillator 2 in the four X and Y direc- 
tions. A block 45 having a linear guide 44 corresponding to the 
linear guide 43 is disposed on linear guide 43, and a cloth 
roller 43a is held between the linear guide 43 and the linear 
guide 44 so that it can be slid from the center radially and a 
vertical shaking action controlled. 

(0021) A plate 46 is disposed at the outside terminal portion of 
the linear guide 43, and a pulling spring 47 is attached to the 
plate 46. The other end of the pulling spring 47 is attached to a 
hook 48 disposed at the block 45, and the block 45 is always 
drawn toward the plate 46. A position adjustment pin 49 is 
inserted at the plate 46, and position adjustment of the block 
45 is possible by rotating the pin 49. A permanent magnet 50 
is attached to the top surface of the block 45, and a block 51 
with a triangular prism shape is attached to the top surface of 
the permanent magnet 50. The inclining body 32 is disposed 
on the block 5 1 . 

(0022) In the construction described above, positioning ad- 
justment in the Z direction is possible for the inclining body 32 
by adjusting the positions of the block 45 in the X and Y direc- 
tions. Elastic deformation occurs in the two-dimensional drive 
oscillator 2 due to the magnetic attraction of the permanent 
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magnet 50 and the weight of the inclining body 32 correspond- 
ing to the position of the inclining body 32 in the Z direction. 
In other words, according to the present example of embodi- 
ment, the two-dimensional drive oscillator 2 carries out ellipti- 
cal oscillation provided to the inclining body 32, and doubles 
to function as a pushing means to transmit the oscillation to 
the inclining body 32. Accordingly, it is possible to adjust the 
pushing strength by adjusting the position of the inclining 
body 32 in the Z direction such that the elliptical movement of 
the two-dimensional oscillator is reliably transmitted to the 
inclining body 32. 

(0023) According to the present example of embodiment, an 
effect similar to that with Example of Embodiment 1 described 
above is obtained, and the pushing force can easily be main- 
tained at a suitable value, so the drive force can be transmitted 
to the inclining body more reliably. 
(0024) 

(Example of embodiment 3) Figure 14 is a cross-section view 
showing the present example of embodiment. In the present 
example of embodiment, references have been provided with 
the same number for the same constituent parts as Example of 
Embodiment 1 described above, so their description has been 
omitted. The present example of embodiment uses vacuum 
adsorption as an adhesion means to cause the inclining body 
32 to adhere to a supporting portion 52b. 

(0025) A base 52a is provided with a supporting portion 52b 
having a semi-spherical concave shape and the same curvature 
as the spherical portion of the inclining body 32, a suction hole 
52d for communicating with the supporting portion 52b, and a 
penetrating hole 52c from the supporting portion 52b toward 
the x direction, making the top surface of the base 52a a flat 
plane x-y. A base horizontal lid 52e is attached to the base 52a 
by a bolt 54, covering one end of the penetrating hole 52c. The 
right end portion of the two-dimensional drive oscillator 2 is a 
fastened end fastened to the center portion of the base 22 by 
attaching a bolt 23 from the right surface, and the left end por- 
tion is a free end to which a protrusion 12 is attached. 

(0026) Pins 24, one end of which has been thread-cut from the 
left are inserted in the four comers of the base 22, are attached 
to a base horizontal lid 52e by nuts 26, and are housed in pene- 
trating holes 52c. The z direction matches the x direction at 
this point. The pins 24 are adequately long such that the two- 
dimensional drive oscillator 2 comes into contact with the 
inclining body 32 disposed at the supporting portion 52b of the 
base 52a The elastic member 27 is inserted between the base 
22 and the base horizontal lid 52e, and the base 22 slides hori- 
zontally along the pins 24 and is pushed by the elastic member 
27. In the present example of embodiment, a coil spring was 
used for the elastic member 27. A suction hole 5 2d is con- 
nected to a suction device 53. 

(0027) In the device having the constitution described above, 
the inclining body 32 is suctioned from the suction holes 52d 
by a suctioning device 53, thereby causing the inclining body 
32 and the supporting portion 52b of the base 52a to adhere. 
The protrusion 12 of die two-dimensional drive oscillator 2 
and me inclining body 32 are in contact through the elastic 
member 27. The 6 direction indicates the direction of rotation 
of the Z axis, and the <p direction indicates the direction of 
rotation of the X axis. The inclining body 32 rotates in the Q 
direction due to elliptical oscillation excitement of the two- 
dimensional drive oscillator within the X-Z plane, causing 
inclination in the <p direction due to elliptical oscillation ex- 
citement within the Y-Z plane. 



(0028) According to the present example of embodiment, posi- 
tioning control is carried out by rotation and inclination, ob- 
taining an effect similar to that in the examples of embodiment 
described above. Adsorption can be stopped when the inclin- 
ing body is sliding with the adhering means using vacuum 
adsorption, decreasing the drive force applied on the inclining 
body. 

(0029) Although the illustration is omitted, for the adhering 
means for obtaining an effect similar to that of the present 
example of embodiment described above, something such as a 
magnet, for example, may be used that turns the suctioning 
force on and off by turning the power on and off. 

(0030) 

(Effect of the invention) As described above, according to 
the inclining table device of the present invention, there is 
inclination along the spherical shape of the bottom surface of 
the inclining body, so an incline is possible in any direction 
such that the spherical center of movement is always at the 
same point; a large inclined stroke is made possible because of 
the construction where an inclining body is caused to contact 
the free end of the two-dimensional drive oscillator for ellipti- 
cal vibration in the X-Y direction in a pushing state; and high 
precision, high resolution positioning control is possible. Fur- 
thermore, the construction is simple, and a miniature device 
can be constructed, so the effect can be adequately demon- 
strated by incorporation in a processing device, measuring 
device, or the like, requiring positioning control of samples at 
a large angle of inclination. 
(Brief description of the drawings) 
(Figure 1) A cross-section view showing Example of Em- 
bodiment 1 . 

(Figure 2) A perspective view showing Example of Embodi- 
ment 1. 

(Figure 3) A plan view showing Example of Embodiment 1 . 
(Figure 4) A side view showing Example of Embodiment 1. 
(Figure 5) A side view showing Example of Embodiment 1 . 
(Figure 6) A side view showing Example of Embodiment 1 . 
(Figure 7) A side view showing Example of Embodiment 1 . 
(Figure 8) A cross-section view of an essential part showing a 
modified version of Example of Embodiment 1. 
(Figure 9) A cross-section view of an essential part showing a 
modified version of Example of Embodiment 1. 
(Figure 10) A cross-section view of the essential portion 
showing a modified version of Example of Embodiment 1. 
(Figure 1 1) A flat view of Figure 10. 

(Figure 12) A cross-section view showing Example of Em- 
bodiment 2. 

(Figure 13) A perspective view of an essential portion show- 
ing Example of Embodiment 2. 

(Figure 14) A cross-section view showing Example of Em- 
bodiment 3. 
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(Figure 1) 
[see source for figure] 



(Figure 2) 
[see source for figure] 
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(Figure 9) 
[see source for figure] 
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(Figure 1 0) (Figure 1 1 ) (Figure 13) 

[see source for figure] [see source for figure] [ se e source for figure] 



(Figure 12) 
[see source for figure] 



(Figure 14) 
[see source for figure] 
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(54) INCLINED TABLE DEVICE 

(57)Abstract: 

PURPOSE: To provide an inclined table device which is simple in 
construction, small in size, large in inclined stroke, and can be 
position-controlled at high accuracy and resolution. 
CONSTITUTION: A two-dimensional drive oscillator 2 can be slid 
in vertical direction, and always energized in upper direction. Also 
a permanent magnet 30 is stuck on the upper surface of a 
cylindrical member 28. Then a support member 3.1 is stuck on the 
upper surface of the permanent magnet 30, and an inclined body 
32 is arranged oathe support member 31. 
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